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PREFACE

This study was conducted for NASA under contract number
NAS7-101, Change Order 158, as described in Technical
Directive I-V-S-IVB;TD—éh-AZ, by the Douglas Aircraft
Company, Space Systems Center, from February through
July 1964.




ABSTRACT

This report presents a statistically derived, dispersed
trajectory simulation or the atmospheric boost for the
Saturn V launch vehicle which results in the maxdmum skin
temperature due to aerodynamic heating at a selected loca-
tion. It may be used as a design criterion for the purpose
of redefining the aerodynamic heating on the Saturn V/LOR
vehicle. To obtain this trajectory, the vehicle's first
stage performance parameters, the atmosphere, and winds were
perturbed. Only those factors which significantly affected
skin temperatures were perturbed in constructing the tra-
jectory. The relative effect on temperature of each of

these factors is presented.
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1.0 INTRODUCTION

Up to the present, the structural design criteria for the Saturn V boost
vehicle dictate that skin temperature be determined using a NASA-derived
nominal trajectory with virtually zero angle of attack during maximum
heating. The nominal trajectory was established by the utilization of
nominal values of performance parameters (i.e., propulsion system, pro-
pellant and structure weights, control system characteristics, aerodynamic
characteristics and atmospheric models) and zero wind speed. Because it is
not possible to predict the exact flight history of any performance para-
meter prior to flight, it is necessary to establish flight history envelopes
for the parameters. To allow for the probable deviations of performance
parameters from their nominal values during flight, a trajectory simulation
yielding skin temperatures of a prescribed probability-of-occurrence, was
derived. This derivation was accomplished by generating a set of non-
nominal trajectories in which the parameters were varied, individually,
above and below their nominal values. The peak skin temperatures of each
of these trajectories were compared to that of the nominal trajectory and
the differences noted. By statistically combining (root-sum-square, RSS)
these peak temperature differences, a maximum expected temperature difference
from the nominal was computed. However, in determining the trajectory which
results in this computed temperature difference from nominal, only those
parameters which had a significant effect on the skin temperature were

used.

This trajectory will yield a realistic (3¢ probability-of-occurrence) maxi-
mum skin temperature rise above the nominal for key design locations on
the vehicle. It may be used as a design criterion for the purpose of re-

defining the aerodynamic heating on the Saturn V/LOR wvehicle.




2.0 ASSUMPTIONS
2.1 Vehicle
The nominal vehicle used was the Saturn V/LOR vehicle as presented in
Reference 1 and as shown in Figure 1. The nominal vehicle weights as
shown in Table I are from Reference 2., The engine performance data shown
in Table II are also from Reference 2, The aerodynamic force data for this

vehicle were taken from Reference 3.

As these vehicle parameters will tend to deviate from their nominal
values due to manufacturing tolerances, weighing inaccuracies, etc.,
it is assumed that these deviations are independent of one another and
have a Gaussian probability distribution about their nominal values.
Table III lists the vehicle parameters considered and three sigma

deviations from their nominal values.

2.2 Trajectory

A three-dimensional simulation of the nominal Saturn V/LOR mission tra-
jectory (Reference 2) was generated to establish a reference, or baseline,
to which perturbations could be applied. The simulation was constructed
with the aid of an IBM 7094 computer program using a point mass solution
and a rotating oblate earth. This DAC nominal trajectory simulation
(corresponding closely to that of Reference 2) is presented in Table IV
(the list of symbols should be referred to for trajectory interpretation).
It assumes a vehicle launch from the Eastern Test Hange (formerly AM)
with an initial azimuth of 70 degrees east of north. Any deviations from

the mentioned nominal trajectory will require further evaluation.




2.3 Environmental

The nominal atmosphere model used for this study is presented in Reference i.
As no deviated atmosphere model was available, deviations of the state para-
meters were taken from Reference 5, pages 20, 85, and 86. Atmospheric den-
sity was assumed to be the independent variable and the pressure and tem~
perature were assumed to be dependent. As preliminary investigations indi-
cated that the pressure had the greater effect on skin temperature, the
study was simplified by assuming that atmospheric temperature retained its
nominal values while the density and pressure varied. The density extremes
(Reference 5) were assumed to be 30 extremes with a normal probability
distribution. The pressure was then computed using the equation of state
for an ideal gas. The density and pressure models determined by this

method are shown in Figures 2 and 3. Also inc¢luded are the atmosphere
assumed for the final "3¢ hot" trajectory (defined in the same manner)

and the Patrick AFB atmoshpere.

The nominal trajectory assumes no winds, The winds are from Reference 5,
pages 45 and 60. The contractually specified 95 percent probability
evelope (95 percent probability of not being exceeded) was used as a head

wind and is shown in Figure 4.

2.4 Aerodynamic Heating

In the determination of the skin temperatures for the nominal and each of
the perturbed trajectories, the following flow field and heat transfer

assumptions were made:




1. The vehicle boundary layer is always turbulent and has experienced

no separation.

2. The flow field passing over the cylindrical section of the 5-IVB stage
has experienced two previous conical shock waves, one generated by
the Service lodule and the other by the LEM adapter. In both cases,
the flow behind the conical shock waves was expanded to zero pressure
coefficient., T7For the aft interstage of the S-IVE stage, the afore-
mentioned flow field was passed through a third conical shock wave

and expanded to the local slope of the aft interstage.
3. Only heating on the windward side of the vehicle was considered.

L. A thin skin solution was obtained: that is, it was assumed that no

temperature gradient existed along or through the skin.

From an aerodynamic heating standpoint, the Saturn V/LOR vehicle was con-
sidered to be a series of cones and flat plates, protuberances excluded.
The cylindrical portions of the vehicle may be considered as flat plates,
because their diameter is large compared to the boundary layer thickness.
The heat transfer to a conical surface is directly related to that of a
flat plate and the heat transfer in the vicinity of protuberances is

experimently determined as a function of flat plate heat transfer.

Heat transfer on the surface of a protuberance is dependent on geometry,
boundary layer thickness to protuberance height ratio, local Reynolds
number and lach number. At the present time, there are no heat transfer

theory or empirical relationships for protuberance heating. However, since




3.0

the same parameters that affect flat plate heat transfer govern the heat
transfer on protuberances, it may be hypothesized that protuberance heat
transfer may be related to flat plate heat transfer. Since the heat

transfer to the vehicle surface is dependent on flat plate heat transfer
theory, a maximum heating trajectory for the vehicle will be obtained if

the heating of any location is maximigzed.

ANALYSTIS

3.1 Parameter Effects

The basic assumption of parameter independence allows that each parameter
deviation effect be examined separately. In accomplishing this, a set

of trajectories was computed for several values (including +30) of para-
meter deviations for each parameter, ‘These trajectories were then ana-
lyzed for aerodynamic heating. The peak skin temperatures were compared
to the peak skin temperatures from the nomiral trajectory. Figure 5

illustrates the relative effects of the various parameters.

3.2 Aerodynamic Heating

The location selected for analysis is on the S=IVB Aft Interstage Jjust
aft of station 2746.55. The aerodynamic heating analysis was accom-—
plished with the aid of an IBM 7094 high speed digital computer program.
The nominal and perturbed trajectory information (free-stream velocity,
ambient temperature and pressure, and angle of attack) were input data

for the program. The analysis was accomplished in three distinct steps:




1. Computation of the local properties of air outside of the boundary

layer at the point of investigation (Reference 6).
2. Computation of the heat transfer coefficients (Reference 7).

3. Computation of the thin skin temperature.

3.3 Maximum Heating Computations

It was found that all parameter deviations had nearly constant partial
derivatives of temperature with respect to parameter deviation over the
range examined. This, combined with the original assumption of Gaussian
distribution about the nominal parameter value, led to a statistical com-
bination of the individual 3¢ temperature effects by the use of root-
sum-square (RSS) addition to obtain a 3¢ maximum peak skin temperature,

Mathematically, for the location selected,

2 2 12

2
AT = T3 0T, 0Ty
o) (50 (e

n

3.4 Three Sigma Trajectory

There are an infinite number of combinations of the input parameters,
i.e., an infinite number of trajectories, which would yield the desired
3¢ temperature. Algebraically combining the individual 3¢ dispersions
will result in a temperature which will exceed the increase indicated by
the RSS combination (3¢). Therefore, it is necessary to combine the para-
meter deviations in such a manner as to obtain a trajectory simulation
which would result in the 3¢ difference in temperature. To generate this

trajectory, an equal probability-of-occurrence was assumed for each of the
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parameters., To determine the sigma level (for each parameter) which when
algebraically combined will result in the trajectory giving the 3¢ (RSS
value) temperature rise, a number of sigma levels were investigated.
Through the interpretation of these results (Figure 6), a sigma level

was determined which results in the "3¢ hot" trajectory (Table V).

DISCUSSION OF RESULTS

4.1 Individual Effects

A review of the individual parameter effects on peak temperature reveals
that six of the parameters essentially control the vehicle temperatures.
Of these, the atmospheric density has the greatest influence. The
relative effects of these six parameters on the aft interstage skin tem-
perature are shown in Figure 5. The remaining parameters, including
specific impulse and center of gravity, were found to have virtually

no effect on temperature.

4.2 Cembined Effects

Combining the individual 3¢ temperature differences by root-sum-square
gave an increase of 55.2°F. Referring to Figure 5, the AT3, value is
shown as the maximum value on the curve, Table V presents the "3¢ hot"
srajectory simulation which results from the use of the sigma level

shown in Figure 6,




5.0 CONCLUSIONS

As the aerodynamic heating calculations used for the aft interstage
location are generally applicable to the entire vehicle, it can be
concluded that the trajectory which yields maximum skin temperature on
the point investigated will yield maximum skin temperatures for any
other vehicle location. Several slightly conservative assumptions
were used in this study and it is felt that the final trajectory

("3@ hot") is also slightly conservative (hot).

It should be noted that while this trajectory is generally applicable
to any point on the vehicle for the assumed deviations from the nomi-
nal trajectory, any change in the nominal trajectory assumptions or

in the deviations assumed will require further study.
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LIST OF SYMBOLS
IBM 7094 PROGRAM AA63
MAIN PRINTOUT

PRINTOUT COMMON
SIMBOL SYMBOL DEFINITION

A SB XB a

xB! ayB' a

2B! Components of acceleration along the
vehicle axes: positive forward along
vehicle centerline; normal to the

vehicle piteh plane, to the right; and

down, respectively, ft/secz.

A%SB 1 A¥ Radar azimuth angle: angle between the
radar site meridian and the projection
of the radar line of sight onto the
plane tangent to the surface of the
earth at the radar site, positive

clockwise f rom north, deg.

ALPHA SB P a Pitch angle of attack; angle between
the projection of the relative air
velocity vector onto the vehicle pitch
plane and the centerline of the vehicle,

positive nose up, deg.

. . 1 m
ALFHA a lotal angle of attack: angle between
the relative air velocity vector and

The vehicle centerline, deg.

ALPHA*Q q al Froduct of total angle of attack and
dynamic pressure, deg—lb/ft2.

ALTITUDE h Vehicle altitude: distance above mean
sea level meawured along the normal to

the earth's surfact (oblate spheroid)

positive up, ft or n mi.




PRINTOUT
SYMBOL

ALPHA SB Y

BETA SB L¥

CHORD FORCE

D% SBl

D-D STAR X

DELTA SB Y

DELTA SB 2

E# SB1

COMMON
SYMBOL

E#*

DEFINTTION

Yaw angle of attack: angle between

the projection of the relative alr
velocity vector onto the vehicle yaw
plane and the centerline of the vehicle,

poeitive nose left, deg.

Difference between vehicle centerline
azimuth engle, w'L, and the inertial flight
path azimuth sngle, ¥
»'or > W'y, » deg.
Aerodynamic force directed along the
vehicle centerline opposing vehicle
motion, lb.

o1’ positive for

Radsr slant range: straight line dis-

tance from radar site to vehicle, ft.

Component of vehicle earth-fixed
velocity, along the radar line of
sight, ft/sec.

Motor yaw deflection angle: angle be-
tween the thrust vector and the vehicle
pitch plene, positive nose left, deg.

Motor pitch deflection angle: angle be-
tween the projection of the thrust
vector onto the vehicle pitch plane and
the vehicle centerline, positive nose

up, deg.

Radar elevation sngle: angle te-

tween the reder line of sight and the
plane tangent to the earth's surface at
the radsr site, positive for vehicle

above radar tangent plane, deg.

11




PRINTOUT COMMON

SYMBOL, SYMBOL
ETA SB 1 ny

F SB X F,F,F
FSBY ¥y oz
F SB 2

G SB L# g

G SB XL#* g ; g !
G SB ZL¥ L’ = 2D
caMMa (Z) T,
GAMMA SB 1 Ty

DEFINITION

Ingtantaneous azimuth angle: angle be-
tween the launch site meridlan and the
plane perpendicular to the surface of
the earth at the launch site containing
the vehicle, positive clockwise from
north, deg.

Thrust components in vehilcle coordinates:
F& positive forward, positive F& yaws
nose to the left, positive Fz pitches
nose up, 1lb.

Total resultant gravity vector due to
attractive force of the earth measured
in the x'L, y'L, z'L coordinate system,

ft/sece.

Components of gravity due to attrace
tive force of the earth measured in a
coordinate system where x'L is positive
L is
positive toward the center of the earth

noxrth, y'L is positive east, and z!

along a line connecting the vehicle and
the earth's center, ft/sece.

Flight path elevation angle, non-
inertial: angle between the rotating
earth velocity vector, ie’ and the
launch tangent (x-y) plane, positive
for wehicle moving 1n the direction of
the minus z axls, deg.

Flight path elevation angle, non=-
inertial: angle between the rotating
earth velccity vector, ﬁé, and the
Local tang21t plane, positive for ve=
hicle movin; away from the earth, deg.

12




PRINTOUT
SYMBOL

GAMMA 8B 11

GAMMA (1I)PR.

GAMMA SB 2

GAMMA SB 21

GAMMA (2I)Pr,

COMON
SYMDOL

LS«

Tor

TEFINIEION

Flight path elevation angle, inertial:
angle between the total inertial
velocity vector, GI’ and the local tane-
gent plane, positive for vehicle moving
awgy from the earth, deg.

Flight path elevation angle, inertisl:
sngle between the total inertial
velocity vector, ﬁI’ and a plane per-
pendicular to the radius vector from
the center of the earth to the vehicle
positive for wvehilcle moving sway from
the earth, deg.

Flight path azimuth angle, non-inertial:
angle between the local (instantaneous)
meridian and the projection of the
rotating earth relative velocity vec=
tor, i?'e, onto the local tangent plane,
positive clockwise from true north, deg.

Flight path azimuth angle, inertial:
engle between the local nmeridian and
the projection of the total

velocity vector, V., onto the local tan~

I}'
gent plane, positive clockwise from true

north, deg.

Flight path azimuth angle, inertial:
angle between the local meridian and
the projection of the total velocity
vector, %I’ onto a plane perpendicular
to the radius vector fram the center of
earth to the vehicle, positive clockwise
from true north, deg.

13




PRINTOUT
SYMBOL

INCLINATION

= =
83
O™

MACH NO,

o
non

wwgg
BREX

PHI SB 1
D-PHI SB 1

PHI SB L#*

PHI SB M
D-THETA SB M
PRESSURE

PSI SB I

COMMON
SYMBOL

i

Ny/w,uz/w

Pm’ Qm, Rm

DEFINITION

Orbit inclination angle: angle be-
tween the satellite orbit plane and the

earth's equatorial plane measured counter-

clockwlse from due east at the ascending
node, ranging from zero degrees for a
west-to-east orbit to 180 degrees for an

east~-to-west orbit; deg.

Totel aerodynamic moments about the nor-
mal to the vehicle pitch and yaw planes,
respectively; My positive for pitch-up
moment and Mz positive for nose left
moment, ft-1b.

Mach number.

Instentaneous vehicle longitude measured
positive west and negative east from

Greenwich, England, deg.

Nondimensional aerodynamic forces nor-
mal to vehicle pitch and yaw planes,
respectively; Ny positive left and Nz
positive up.

Attitude control program rates, angular
velocities about vehicle axes Xm, Ym,

Zm’ respectively, deg/sec.
See "THETA SB I"
See "D-THETA SB I"

Vehicle instantaneous geocentric roll

engle, deg.

See "THETA SB M"

See "D-THETA SB M"
Atmospheriec pressure, lb/ft2

See "THETA SB 1"

14




PRINTOUT
SYMEBOL

D-PSI SB I
PSI SB L¥

PSI SB M

D-PSI SB M

Q SB M

RSBC

R SBL

R SBM

RHO

<

B

<.
B

A

H
| o

DEFINITTION
See "D-THETA SB I"

Vehicle centerline azimuth angle:
engle between the local meridian and
the projection of the vehicle center-
line onto a plane perpendicular to
the radius vector from the center of
the earth to the vehicle, positive
clockwilse from true north, deg.

See "THETA SB M"

See "D-THETA SB M"
Dynamic pressure, 1b/2t°.
See "P SB M"

Instantaneous distance from the center
of the earth to the vehicle, ft.

Instantaneous earth radius, measured
from the centexr of the earth to the
point where the perpendicular from
the véhicle to the earth's surface
intersects the earth's surface, ft.

See "P sB M"

Surfece range; instantaneous vehicle
range along the earth's surface, based
on the subtended arc and the mean
earth radius from launch to present
position, £t or n.mi.

Instantancous vehicle geographic latitude:
angle measured in the meridian plane
between the equatorial plane and the line
from the vehic¢le perpendicular to the
earth's surface, positive north of the
equator, deg.

15




PRINTOUT COMMON

SYMBOL SYMBOL
RHO FRINME pt

TAU SB P 1 Tp

TAU SB Rl Te

TAU SB T1 T
TEMPERATURE T
THETA SB I 0, ¥, g,
PSI SB I
PHI SB I

Instantaneous vehlcle geocentric
latitude: angle between the equa«
toriel plane and the radius vector
from the center of the esrth to the
vehicle, positive north of the equator,
dege

Radar polarization look angle: angle be-
tween the projection of the vehicle center-
line on s plene perpendicular to the radar
line of sight and the line of inter-
section of the plane containing the radar
line of sight, perpendicular to the
earth's surface at the radar site, posi-
tive counterclockwise from the apparent
vertical (line of intersection) as

viewed looking along the radar line of
sight, deg.

RO1l radar look angle: angle between the
vehicle yaw plane and the projection of
the radaxr line of sight onto the vehicle
roll plane, measured clockwise from the
pitch (positive Ym) axis as viewed from
the rear of the vehicle, deg.

Total radar look angle: angle between
the vehicle centerline and the radar line
of sight, measured from the rear of the

vehicle, deg.

Atmospheric temperature, degrees Rankine.
Euler angles specifying the orientation
of the vehicle guidasnce inertisl plat-

form (1 system) with respect to the in-
ertial (eo) coordinate system which is

16




PRINTOUT COMMON

SYMBOL SYMBOL
THETA SB I (cont'd)
PSI SB I
PHI SB I

D-THETA SB I éi,wi, ﬁi
D-PST SB I

D-PHI SB I

THETA SB L¥ G'L
N oty
PHI SB M

D-THETA SBM &, §

D-PST SB M m’
D-PHT SB M

F SBT F
TIME &
TOT TMP VEL V.

DEFINITION

coincident with the rotating, earth-
fixed (e) coordinate system at the
time of launch. Order of rotation:

1] 4 about Z (positive turning X, into
X, 0), 6 about Y (positive turning
2, into Xeo)’ ¢iabout X, (positive
turning Y,  into Z, <)), deg.

Rate chenge of Euler angles 6,, d}i,
and 751, deg/sec.

Vehicle centerline elevation angle:
angle between the vehicle centerline
end a plane perpendicular to the radius
vector from the center of the earth to
the vehicle, positive for wvehicle nose
pointing away from the earth, deg.

Euler angles specifying the orientation
of the vehicle axes (xm, X, zm) with
respect to the inertial reference plat-
form (1 system). Order of rotation:
pitch, 6 about ¥ (positive turning
z, into Xm); yaw, Y about Z (positive
turning X into Ym); and roll, ¢m about
X, (positive turning Y into Zm), deg.

Rate of change of Euler engles 6 , Vlm,
and ¢m’ deg/sec.

Total vehicle thrust, lb.

Instanteneous time, measured from lift-
off, sec.

Total impulsive velocity gain, ft/sec.

17



PRINTOUT COMMON
SMBOL SYMBOL DEFINITION

U U Barth parameter measured in the equatorial
plane, distance from the center of the
earth to a perpendicular to the equatorial
plane passing through the intersection of
the normal from the vehicle with the
earth's surface, ft.

V SBE Ve Vehicle velocity measured relative to
the launch point on a rotating earth
(i.e., the origin of the X__, Y ., Z_
or x, ¥y, z coordinate systems), ft/sec.

D-V SB E \'Ie Vehicle acceleration along the flight
path, measured with respect to the
launch point, £t/ secs.

VSBI VI Total velocity, measured with respect
to a geocentric non-rotating, "inertial"
reference system, ft/ sec.

v I/V S VI/VS Ratio of vehicle instantaneous inexrtisl
velocity to circular satellite velocity
at the instantaneous altitude.

VEL LOSS AA vAA LOSS Veloeity loss due to total angle of
attack, ft/sec.

VEL LOSS CF v CF LOSS Velocity loss due to serodynamic chord
force, ft/sec.

VEL LOSS G Vs 1088 Velocity loss due to gravity, ft/sec.

VEL LOSS NF Vi 1088 Velocity loss due to normal force, ft/sec.

VEL LOSS VTA VTA LOSS Velocity loss due to variation in thrust
end altitude, ft/sec.

Vv (GAINED) V8 Integrating accelerometer velocity, £t/sec

(Saxm at)

18



PRITZOUT
SYMBOL

WEIGHT
RSBW

VSBW

X 5B CG

SESE
BEHB
HEH

N Py
HEH

%%g} 0N O
cna S8

VSB WE

COMMON
SYMBOL

W

€

X

xo

W

CcG

ce’

ee’

Yee’

Yee’

Sde

we

Ne

Z
ee

Z
ee

DOFINTITION
Instantaneous vehicle weight, 1b.

Wind azimuth angle:
local (instantaneous) meridian and the

direction from which the wind is blowing
measured in a plene parallel to the local

angle between the

tangent plane, positive clockwise from
true north, deg.

Local wind speed, measured relative to
a rotating earth, ft/sec.

Instantaneous center of gravity measured

positive aft of vehicle station zero, ft.

Right-handed cartesian coordinate system
with the origin located at mean sea
level at the launch site and rotating
with the earth: xee is positive north,
Yee is positive east, and Zee is posi-
tive inward, ft.

Velocity components relative to the

Xoosr Yoor 2

ce oo coordinate system, ft/sec.

Right-handed cartesian coordinate systen
with the origin located at mean sea
level at the launch site and rotating
with the earth: X is positive in the
direction of the intended flight (launch)
azimuth, Y is positive to the right,

and Z is positive inward perpendicular
to the surface of the earth, ft.

Velocity components relative to the X, Y, Z

coordinate system, ft/sec.

Total vehicle velocity with respect to
the air, ft/sec’



COORDINATE DEFINITION

NOTE: THE Z AXES ARE PERPENDICULAR TO THE EARTH'S SURFACE AT THE LAUNCH SITE

LAUNCH PARALLEL

LAUNCH MERIDIAN

LAUNCH AZIMUTH
X, X,
'/’io

X

Yo
¢'io x|
Y
Yo,,
Z,, Z,
P
Y, Z, P\ Z

HL

i <7

EQUATOR

20



PRINTOUT
SYMBOL

A% SBF

BETA(F)

DELTA

ECCENTRICITY

E/M

GAMMA 5B 2F

GLIDE PHASE PRINTOUT

COMMON

SYMBOL

Al

L

ROW

GP 3
GP 2

GP 1

DEFINTTION

Azimuth angle from the launcher to the
location of the impact or intercept
point, deg.

True anomaly at start of glide, deg.

True anomaly at impact or intercept
altitude, deg.

Ratio of vehicle instantaneocus inertial
velocity to circular satellite velocity
at the instanteneous altitude.

Eccentriclity of the instantanecus conic
(2-D) trajectory.

Energy per unit mass of the vehicle based
on a zero potential energy at the surface
of the earth at the launch point, fta/secz.

Flight path elevation angle at impact.

on earth or intercept of a predetermined
altitude, inertial (corresponding to Sf):
angle between the total inertial velocity
vector at lmpact, GIf, and the plane at
the surface of the earth perpendicular to
the radius vector from the centexr of the
earth to the point of lmpact, negative
for vehicle heading toward the earth, deg.

Flight path azlmuth angle at impact on
earth or intercept of a predetermined
altitude, inertial (corresponding to Sf):
angle between the impact point meridian
and the projection of the total inertial

velocity vector at impact, ﬁxf, onto the

21



PRINTOUT
SYMBOL

GAMMA SB 2F Cont'd

Inclination

MU SBF

Period

R(AP)

R(PER)

RHO SB F

RHO PRI (F)

plane at the surface of the earth per-
pendiculer to the radius vector from
the center of the earth to the point of
impact, positive clockwise from true

Orbit inclination angle: angle between
the satellite orbit plane and the earth's
equatorial plane measured counterclock-
wise from due east at the ascending node,
ranging from zero degrees for a west-to-
east orbit to 180 degrees for an east-
to-west orbit, deg.

Longitude of vehicle impact on earth or
intercept of & predetermined altitude
(corresponding to Sf), deg.

Orbital period of the instantaneous conic

(2-D) trajectory, min.

Radial distance from the center of the
earth to apogee of the instantaneous

conic (2-D) trajectory.

Radial distance from the center of the
earth to perigee of the instantaneous
conic (2-D) trajectory.

Geographic latitude of vehicle impact on
earth or intercept of a predetermined

COMMON
SYMBOL ROW DEFINITION
north, deg.
i GP 3
llr GP 1
P GP L
Ty GP 4
b o GP
P 3
pf GP 2
altitude, deg.
g
[} £ GP 1

Geyentric latitude of vehicle impact on
eart1 or intercept of a predetermined
alti.ude, deg.
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PRINTOUT

SYMBOL

S(BARt)

S SBF

TAU

TAU SBF

T SB F

v(AP)

v(F)

V(INF)

V(PER)

COMMON

Product of the average earth radius
and the central angle (in radians)
traversed during glide.

Predicted impact or intercept range,
assuming vacuum trejectory, based on
instantaneous position and velocity

coordinates, n.mi.

Time since or to perigee at start of

Time since or to perigee at the impact
on earth or intercept of a predetermined

Time to impact on earth or intercept of
a predetermined altitude, measured from

Apogee velocity (inertial) of the glide
phase orbit, ft/sec.

Total velocity at inpact on earth or
intercept of a predetermined altitude
(corresponding to Sf), assuming vacuum
re-entry, measured with respect to a
geocentric non-rotating "inertial"

reference system, ft/sec.
Hyperbolic excess velocity, ft/sec.

Perigee velocity (inertial) of the glide
phase orbit, ft/sec.

SYMBOL ROW DEFINITION
s GP 2
Sf aP 1
GP L4
glide, sec.
P GP 2
altitude, sec.
tf GP 1
liftoff, sec.
Ve GP 4
Vf GP 1
Vinf GP L
v P
P G 3
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TABLE I

SATURN V

NOMINAL WEIGHT ASSUMPTIONS

VEHICLE AT S-IC LIFTOFF

Propellants (Main Stage)
Propellants (Center Engine Thrust Deacy)
Frost

VEHICLE AT S-IC CUTOFF

S-IC Stage at Separation
Dry S-IC Stage 287,000

Reserve & Residual

Propellants & Service Items 58,603

Outboard Engine Thrust
Decay Prop.

13,333
S-IC/S-II Interstage (Aft)
S-1II Ullage Rocket Propellants

VEHICLE AT S-II IGNITION

Thrust Buildup Propellant
8-IC/S-II Interstage (Forward)
Launch Escape System
Propellants (Main Stage)

VEHICLE AT S-II CUTOFF

L, 245,243
ko017
650

385,936

1,340

3,050

2,425
9,450
6,600
912,939

WEIGHT (1b)

620002000

1,759,090

1,386, 76k
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TABLE II

SATURN V
NOMINAL ENGINE PERFORMANCE ASSUMPTIONS

S<IC STAGE
Thrust

Specific Impulse

S5~II STAGE
Thrust

Specific Impulse

S5-IVB STAGE
Thrust

Specific Impulse

7,500,000
263.58

1,000,000
426

200,000
426

lbs. (S.L.)

sec. (S.L.)

sec. (Vac.)

sec, (Vac.)

1bs (Vac.)

sec (Vac.)
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TABLE III
SATURN V

UNCERTAINTIES OF VEHICLE PARAMETERS AFFECTING BOOST TRAJECTORY

PARAMETER THREE SIGMA DEVIATION
¢ x 30}{
S=IC STAGE
Structure Weight (Wsl) 2%
Propellant Weight Loaded (Wpl) 0.25%
Thrust (Fl) 2%/Engine ~——- 0.894%
Specific Impulse (Ig, ) 1.5%/Engine -~ 0.671%
1
Propellant Utilization Residual (PU,) 13,000 1b
Aerodynamic Drag (D) 10,0%
Autopilot Pitch Rate Error (Ql) 1.0%
Autopilot Yaw Gyro Drift (Gp ) 0.25 deg/hr
b

Autopilot Pitch Gyro Drift (GD ) 0.25 deg/hr

P
Autopilot Roll Gyro Drift (GD ) 0.25 deg/hr

r
Thrust Misalignment - Yaw ((-)y ) 0.5 deg/Eng —-- 0.2236 deg

1
Thrust Misalignment - Pitch (ep ) 0.5 deg/Eng ——- 0.2236 deg
Center of Gravity 1 L inches
S=1I STAGE
Structure Weight (Ws ) 2%

2
Propellant Weight Loaded (wp ) 0.25%
2

Thrust (Fy) 3%/Engine --- 1.342%
Specific Impulse (ISPZ) 1%/Engine --- O.LLT%
Propellant Utilization Residual <PU2) 1390 1b
95=1IVB STAGE
Structure Weight (WSB) 2%

Propellant Weight Loaded (Wp ) 0.25%

-

DEVIATION USED
FOR MAXIMUM
HEATING TRAJECTORY

+1,1%
+0.138%

+0.492%
+0.369%

0.0
5.5%
0.0
0.0

O'O
0.0

0.0

0.0
0.0

0.0

0.0

OGO
0.0
0.0

0.0

0.0
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TABLE IV
SATURN V

NOMINAL TRAJECTORY SIMULATION

PRINT OUT KEY

AA63 BD 4 RR 75 CASE 1 ID1 100000000 ID2 0 1D3 0 PAGE 1
1 TIME ALTITUDE FSB Y WEIGHT RANGE

2 V S8 1 V SB E viszvs X S8 CG A SB X8

3 MACH NO. CHORD FORCE ALPHA SB P ALPHA SB Y ALPHA

4 PRE SSURE TEMPERATURE TNCLINATION Q ALPHA = Q

5 GAMMA(1I)PR. GAMMA(21)PR. P SB M Q S8 M R S8 M

6 THETA SB L+ PSI SB L» PSI SB M THETA SB M PHI SB M

7 GAMMA SB 1 GAMMA S8 2 X SB EE Y SB EE Z SB EE

8 V SB W E S8 W D-X S8 EE D-Y SB EE D-2 58 EE

9 R S8 C RSB L My RHO RHD PRIME

10 N SB Y / W NSB Z /W D+ SB 1 As 5B 1 E+ S8 1

11 M SB Y M SB 2 TAU SB T1 TAU SB R1 TAU SB Pl

12 TOT IMP VEL V SB WE

13 VEL LOSS CF VEL LOSS G VEL LOSS VTA VEL LOSS NF VEL LOSS AA
GP1 T SB F S S8 F MU SB F RHO PRI (F) VI(F) GAMMA SB 1F
Gp2 BETA(F) TAU SB F S(BAR=®) A+ SB F RHO SB F GAMMA SB 2F
GP3 ECCENTRICITY R(PER) V(PER) BETA DELTA INCLINATION

GP4 PERIOD ROAP) VIAP) V{INF) TAU E/M
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AAG3

BO & RR 75 CASE

NON® STAND. P

NON®*STAND. T
* 8.I3 LIFTOFF

O X~ PN

o
QUOU®~NOCWVPHWN -

o
ey

ot b
w N

0.0000
1342.7
0.000
2113.11
0.0043
89.8373
90.0000
0,00
20910014.5
-0.000
0.000
0.0
0.00

10.0000
1345,.6
0.080
2080.76
3.8782
89.8330
89.8813
0.00
20910453.3
-0.000
-1455.606
4T4.4
0.17

20.0000
1362.7
0.181
1976,49
8.6029
88.1835
88.6223
0.00
20911907.8
-0.000
~33427,263
973.0

1.57

142.4
0.1
0.0119
533,65
30.0000
359.9999
180.0000
70.00
20909872.0
0.000
-0.000

0.00

581.2
31.0
9711.0389
532. 34
89,9892
347.1394
269.2328
70.00
20909872.0
-0.000
~-497,399

321.26

2035.2
203.9
35820.6147
528,01
89.8942
64.4710
66.9896
70.00
20909872.0
-0,000
~4272.283

642.47

1 ID1

100000000 1ID2

0 1ID3

NOMINAL, TRAJECTORY

74699999,9
0.05175
0.0000
28.28609
0.0000
0.0000
0.0

0.00
80.5653
27364037.8
49,1622

0.00

7517384.9
0.05186
~0.0776

28.28610
0.0000
0.0000

“000

-0.,00
80.5653
27364325.0
49.1249

62.006

7573412.4
0.05252
-0.3772

28.28630
0.0000
-0.0000
5.0

1.92
80,5652
27365269.5
50,7502

125.19

6000000.0
-0.0000
0.00
0.0000
90,0000
0.0

0.00
28.4470
298.6129
65.63062

0.00

5715455.3
~-98.066
“0.0265

9.46
0.0000
90.0000
"006
-0.19
28.4470
298.6129
65.6537

0.00

5430910.6
-98.346
-0.0482

45.50
"0- 2277
88.1780

8.9

4.51
28,4470
238,6130
6642953

0.00

NOMINAL TRAJECTORY

0 PAGE

0.4
40,218
0.0000

0.00
0.0000
0.0000

"'0010
28.2861
-40.8750
359,7881
0.10
0,00

1.7
42,263
0.0820

0.78
00,0000
0.0000
-58105

28.2861
~40.,8743
359.7917
91.01
0.00

14,0
44,655
0.3803
17.30
0.0000
-0.,0000
"2036.2
28.2861
-40.8720
358.8262
203,90

0.01

28

2



AA63 BD 4 RR 75 CASE 1 ID1 100000000 102

OO O PN

ot
OO~ W S WwN

e )
W N e

30.0000
1412.4
0.309
1793.65
14,0921
85.1384
85.2095
0.00
20914621.0
-0,000
-2926.585
1498.5
3.29

40,0000
1519.4
0.473
1535.14
19.7629
79.9563
79.8408
0.00
20918884.5
~0.000
58632.781
2053.9
5.81

50.0000
1701.9
0.686
1221.26
24.6818
73.1524
73.2285
0.00
20924988.0
~0.000
-63654353
2642.8
11.61

60,0000
1965,7
0.961
885.47
27.9201
65,7322
65.8927
0.00
20933140.3
-0.,001
-3528.578
3269.5
30.62

4748,6
345,.1
27419.4758
519.92
89,5250
67.8391
68,8654
70.00
20909871.8
-0.000
-13395.968

963.15

9012.5
522.0
53100.3584
507.21
B88.6446
68.9437
69.4106
70.00
20909871.3
0.001
-23532.395

1281.46

15117.6
T42.5

145934,6992

487.52
87.1652
69,3966
69.6553

70.00
20909869.8
-0.000
-21405,760

1593. 48

23273.9
1008.8

398120.4180

458,32
85.2156
69,6250
69.7991

70,00
20909866.8
~0.001
-2194.430

1893.82

7671662,.5
0.05444
-0.0136

28.2899%
0.0000
00,0000

59,6

10.39
B0.5648
27366943.0
53,5449

187.02

7810575.1
0.05857
0.1716
28.31665
0.0000
-000000
259.6
32.39
8045632
27369345,.8
58.3400

244,70

7979241.6
0.06562
~-0.0206

28.41833
0.0000
0.0000

TT4.4
74.52
80.5589
27372327.5
6446951

295,29

8159683.9
0.07580
‘0-1052

28.66000
0.0000
0.0000
1836.6
142,41

80.5499
27375555%,8
71.6787

336.30

0 1D3

5146365.9
-98.738
-0.0623

120.13
‘004970
85.0929

147.1
26.89
28,4472
298,6132
67.2590

0.00

4861821.3
‘990304
~-0.0689

241.10
‘006688
79.8730

674,43
86.21
28,4477
298.6139
68.6044

0.00

4577276.6
~-100.247
~000692
403.70
-007464
73.0298
2055,.7
200,94
28.4491
298.6156
69.9396

0.00

4292731.9
=-101.339
-0.065%
574,77
-0.7646%
65,5663
4932.5
386,89
28,4520
298.6192
70.9608

0.00

0 PAGE

166,11
47.790
0.0637

7.66
0.0000
0.0000

“4749.6
~343.93
28,2863
~40.8675
357.2898
345.14%
0.01

7317
51.337
0.1849

44.57
0.0000

~0,0000
-9013.7
-513.83
28.2869
-40.8601
354,9284
522.01
0.01

2210,5
55.061
0.0722
2%9.13
0.0000
0.0000
-15118.5
-710.87
28.2883
~40.8486
352.1812
T42.417
0.02

5280.6
58,173
0.1239
71.21
0.0000
0.0000
-23273.4
‘920-71
28.2913

-40.8319

349.5028
1008.80
0.02

3



AAG3

OV ONOW S W e

LolRe - RENIN SR BN JE VU § I

10
11
12
13
REMA

DERIV Q PRESSURE

BD & RR 75 CASE 1 iID1
70.0000 33534,3
2306.1 1326.9
16325 545394,.2500
571.07 41747
29,3696 83,1054
58.3184 69,7678
58,5300 69.8970
0.00 70.00
20943395,5 20909861.5
-0.001 -0.002
-4B496.4614 ~18537,711
3939,1
68.91 2177.02
75.2379 3975%.4
2518.5 1522.2
1.566 524157.1055
428.51 393.25
29,5773 82.0119
54.6321 6$9.8253
54,8093 69.9399
0.00 70.00
20949612.5 20909857.5
"00001 "0.002
~-120 789,172 =-55602.340
4293.1
91.09 2311.24

RKABLE TIME

100000000 D2

8328627.1
0.08895
~0.1566

29.05677
0.,0000
0.0000
3715.8
238.45

8045340
27378521.0
78.6921

366.41

8405234.5
0.09716
-0.,1223

29.31621
0.0000
0.0000
5125.9
301.50

80.5221
27379770.8
82,1880

377.44

IS SPECIAL PRINT TIME

EQUALS

MAXIMUM DYNAMIC PRESSURE

1 1542379 39754.4
2 251845 1522.2
3 1.566 524157.1055
4 428.51 393.25
5 29.5773 82.0119
6 54,6321 69.8253
7 54.8093 69,9399
8 0.00 70.00
9 20949612.5 20909857.5
10 ~0.001 -0.002
11 ~-120789.172 ~85602. 340
12 4293,.1

13 91,09 2311.24

«53219999 01

8405234.5
0.08716
-0.1223

29.31621
0.0000
0.0000
5125.9
301.50

8045221
27379770.8
82,1880

377.44

0 ID3

4008187,2
e 1020 79‘1‘
~0,0598
704.05
-O¢746‘f
58,1027
10052.0
650.97
28.4572
298.6256
71.6160

0.00

3859145.6
-103.720
-0.,0563
738.08
~0.6866
54.3870
13905.6
824.73
28.4611
298.,6304
T1.8236

0.00

3859145.6
-103,720
-0.0563
738.08
-0. 6866
54.3870
13905.6
824.73
2844611
298.6304
71.8236

0.00

0 PAGE

10732.6
62.677
0.1676
118.01
0.0000
0.0000

-33531.9
-1131.35
28.2965
-40.8088
347.0616
1326.86
0.02

14831.1
65. 705
00,1346

99,33
0.00600
0.0000

~39750,.1
-1243,37
28,3004
’4007939
345.8691
1522.19
0.02

14831.1
65. 705
0.1346

99,33
0.0000
0.0000

-39750.1
-1243.37
28.3004
-40.7939
345.8691
1522.19
0.02

4



AA63

it
QOO O~ U &S W N e

11

o —
(SN

VRO NHWN -

s Pt pand famd
W= OO~ N~

BD 4 RR 7S5 CASE

80.0000
2734,2
1.807
317.35
29.5298
51.3918
51.5901
0.00
20955780.3
-0,001

~198786.938

4642.1
111.14

90.0000
3261.9
2.345
151.21
2848750
45.3259
45.4337
0.00
20970385.3
-0.000
-70768.730
5418.3
145.45

10040000
3895.6
2.891
66417
27.7187
40,0788
40,1536
0.00
20987315.3
-0,000
-15523.232
6261.5
166.83

110.,0000
4638.3
3.545
27.10
26.3017
35,6219
35,7053
0.00
21006645.3
=0.000
=~8705.940
T184.6
178,73

45926.8
1721.1
4£65440.9102
377.39
81.0544
69.8723
69.9758
70.00
20909853.0
-0,002
-73229.928

2433.20

60544.7
2213.1
295813.2109
370.61
79.2168
69.9585
70.0454
70.00
20909840.8
"00001
-61466.174

2672.27

77492.1
2813.1
155931.6680
394.06
17.6687
70.0387
70.1128
70.00
20909823.0
-0.000
-30951.246

2888,72

96846.4
3526.2
75816.9385
411.69
76.4187
70.1193
70.1844
70,00
20909799.3
~0.000
=10456.407

3084.22

1 ID1

100000000 1D2

8464965.6
0.10549
"001434

29.57290
0.0000
0.0000
6714,.5
367.06

80.5086
27380627.3
85,2641

385.50

8554241.1
0.12590
-0.0531

30.14113
0.0000

"Oo 0000
11178.2
531.99
80.4706
27381233,0
91.0276

396,38

8599940.9
0.15042
-000?03

30.69619
0.0000
0.0000

17482.7
735.41
80.4169
27379643.0
96.0156

401.78

8620937.1
0.17918
~0.0291

31.19677
0.0000
-0.0000
26017.4
978.18
80.3441
27375114.5
100.2534

404,30

0 1D3

3723642.5
=104.647
~0.0528
728.20
-0.6270
51.1175
1825%4.8
1005.67
2B, 4654
298,6357
71.9459

0.00

3439097.8
-106.989
-0.0461
584417
~0.5599
44,9813
30503.2
1461.62
28,4776
298.6508
72.0301

0.01

3154553.1
-110.255
-0 040‘?
388.45
-0.4931
39,6492
47845.9
2025.10
28.4948
29846720
71.9523

0.01

2870008.4
-114.731
~0.0349
239,23
-0.4312
35.0894
71372.9
2699.02
28.5180
298.7007
71,7739

0.01

0 PAGE

19452.7
69,120
0.1528
111.30
0.0000
0,0000

-45918.6
~-1347.66

28,3048

-40, 71784
3644.8561
1721.13

0.02

32451.8
77.261
0.0703

41.06
0.0000
-0.0000
-60520.2
-1574.27
28,3171
-40,7391
342,9827
2213.06
0.02

50826,7
86,122
0.0452

17.56
0.0000
0.0000

-77431,.1
-1808,.78
28,3343
-40,6893
341,3621
2813,10
0,02

75710.1
95, 795
0.0455

10.87
0.0000
-0.0000
~36709.6
-2047.60
28.3576
-40.6276
339.9660
3526.22
0.02

31



AA63

DWW NP W e

BD 4 RR 75 CASE

120.0000
5498.8
4,211
10.52
24.8097
31.8771
31.9933
0.00
21028448,0
-0,000
~-7264.762
8204,.1
184,96

130.0000
6493.9
4.926
3,98
23.3691
28.8776
28.9186
0.00
21052846.,0
-0.000
391.712
9342.6
188.10

1959 ARDC P

1959 ARDC T

140.0000
7651.2
5.857
1.46
22.0721
26.3964%
2644095
0.00
21080069.3
-0.000
18.366
10631.5
189.69

118680.0
4361.6
35027.2158
446.4]
75.4307
70,2048
70.2644
70.00
20909768.3
-0.000
-3395.334

3261.04

143117.7
5335.9
15628, 4100
488,17
14.6567
70.2979
70.3556
70.00
20909729.0
0.000
'6880183

3421.61

170389.9
6476.3
7045.3265
508.79
74.0535
T0.4026
70,4606
70.00
20909680.0
0.000
-6.985

3568.3¢

1 101

100000000 1D2

8629844.,9
0.21253
~0.0621

31.62923
0.,0000
0.0000

37184.2
1262.37
80,2487
27366872.3
103.8154

405,40

8633356.5
0.25114
0.0128
31.99607
0.0000
-0.,0000
51417.4
1592.47
80.1271
27354106.,0
106, 6724

405,87

8634713,.9
0.23609
0.0405
32.30607
0.0000
-0.0000
69211.7
1976.27
79,9749
27335948.3
109.0419

406,07

0 ID3

2585463.8
-120.093
-0.0290
131.03
-0,3270
31.2208
102214.9
3489,66
28,5483
298,7381
71.5399

2300919.1
-127.091
‘0:0225
67.92
~0.2658
28,0729
141597.9
4410.13
2845867
298.7857
71.2930

0.01

2016374.4
-136.453
~-0.0154
35.13
-0.2658
25.4150
190921.3
5482.56
28.6345
298.8452
71.0439

0.01

0 PAGE

108268.6
106,956
00,0685
8,98
00,0000
0.0000
-118399.7
“229[o69
28.3879
-40,5523
338.7663
4361.55
0.02

149758.1
120.503
0.0259
1.76
0.0000
-0.0000
-142579. 4
-2546079
28.4264
-4004616
337.7799
5335,85
0.02

201603.0
137.666
0.0433
1.52
0.0000
~0.,0000
-169412.9
~-28244,59
2B.4742
-40,.,3533
336.9409
6476.30
0,02

é



AA63 BD & RR 75 CASE 1 ID1 100000000 ID2 0 ID3 0 PAGE
3 146.6040 190133.0 8635121.5 1828461.1 262338.2

2 8524.7 73404 0-33004 -144,836 151.873

3 6,886 4126.,9983 =0.0390 -0.0105 0.0404

4 0,70 472.91 32.48487 23,29 0.94

5 2102961 73.7309 0.0000 -0.2148 0.0000

6 24.9083 70.4803 -0.0000 23.7924 ~0.0000

7 25.0008 T0.5388 83201.1 229753.3 -188719.96

8 0.00 70,00 2265, 70 6292.64 -3025.11

9 21099774.0 20909641,.8 79.8553 28.6719 28,5116

10 -0.000 ~-0.000 27320528.5 298.8919 ~-40.2707

11 382.365 102.902 110.4670 70.8723 336.4251

12 11586.7 T340.44

13 190.29 3658.74 406,14 0.01 0.02

* CENTER ENGINE SHUTDOWN

1 146.6040 190133,0 6908095,5 1828461.1 242338,2

3 6.886 4126.9983 -0.0390 -0.0105 0.0404

4 0.70 472.91 32.48487 23.29 0.94

5 21.2961 73,7309 0.0000 ~0.2148 0.0000

6 24,9083 70.4803 -0,0000 23.7924 -0.0000

7 25.0008 70.5388 83201.1 229753,3 -188719.6

8 0.00 70.00 2265.70 6232.64 -3025.11

9 21099774.0 20909641.8 79.8553 28.6719 28,5116

10 -0.000 -0,000 27320528.5 298.8919 ~40.2707

11 382.365 102.902 110.,4670 70.8723 336.4251

12 11586.7 7340.44

13 190,29 3658.74 406.14 0.01 0.02

1 150.6600 200800.8 6908199.9 1751156.,0 265362.7

2 8906.3 7717.3 0.34490 ~-149,704 126.869

3 T.446 3046.6841 -0.0375 -0.,0081 0.0383

4 O.46 447,06 32.55314 17.77 0.68

5 20.8826 T3.6214 0.0000 -0.,2148 0.0000

6 24 .2536 70.5226 ~0.0000 23,0629 -0,0000

7 2443444 70.5818 91111.8 251730.3 -199105.5

8 0,00 70.00 2394,15 6653.20 -3091.90

9 21110420.5 2090962043 79.7876 28,6930 28.5327

10 -0.000 -0.000 27311472.8 298.9183 ~40.,2248

11 424.966 91.564% 111.0964 70.7911 336.1946

12 12008.5 7717.31

13 190.51 3703.44 406415 0.01 0.03
GP1 428.4362 360.017 7L.02495 30.11668 9603.453 -28.970141
GP2 -176.28979 -830.4337 374,867 T0.64381 30.28400 717.01692
GP3 0.8970319 190.185 152014.781 177.46867 0,3449031 32.55314
GP4 33.18388 3503.869 8251.139 882.1630 46677384,
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AA63 BD 4 RR 75 CASE 1 ID1 100000000 ID2 0 103 0 PAGE
1 150.6040 2027274 6908214.,9 1737406,8 269591.3

2 8976,2 7786.4 0.34763 -150.594 127.876

3 7.552 2875.9179 ~0.0407 -0.0076 0.0414

4 0.42 442.40 32.56499 16.88 0.70

5 20,8110 73.6028 0.0000 ~0.2148 0.0000

6 24,1376 70.5304 0.0000 22,9331 0.0000

7 24,2316 70.5896 92565,0 255768.8 ~-200976.7

8 0.00 70.00 2417.66 6719.21 -3104.08

9  21112342.5 20909616.0 79.7751 28,6968 28.5366

10 -0.000 ~0.000 27309786.0 298.9232 -40,2165

11 465,234 87.335 111.2080 70,7763 336.1535

12 12085.5 7786.42

13 190.5% 3711.26 406,15 0.01 0.03
GP1 430,8573 365,854  73.91681  30.14312 9674.690 —-28.866846
GP2 ~176.23577 -831.0227 380,386  70.64940  30.31053  77.05070
GP3  0.8953100 193,577 150608.615 177.43079 0.3476261  32.56499
GP& 33,23838 3504.521 8319.069 883.0270 47363147,
OUTBOARD ENGINE SHUTDOWN - S-IC/S-II STAGING

1 150.6040 2027274 0.0 1389814.0 269591.3

2 8976.2 7786.4 0.34763 ~173,085 -0.067

3 7.552 2875.9179 -0.0407 -0.0076 0.0614

4 0.42 442.40 32.56499 16.88 0.70

5 20.8110 73.6028 0.0000 -0.2148 0.0000

6 24,1376 70.5304 0.0000 22.9331 0,0000

7 24,2316 70,5896 92565.0 255768, 8 ~200976.7

8 0,00 70.00 2417.66 6719.21 -3104,08

9  21112342.5 20909616.0 79,7751 28.6968 28.5366

10 -0.000 -0.000 27309786.0 298.,9232 -40,2165

11 1211.040 227.341 111.2080 70,7763 336.1535

12 12085.5 7786.42

13 190.54 3711.26 406,15 0.01 0.03
GP1 430.8573 365,854  73.91681  30.,14312  9674.690 =-28.866846
GP2 -176.23577 -831.0227 380.386  T70.64940  30.31053 77.05070
GP3  0.8953100 193,577 150608.615 177.43079 0.3476261  32.56499
GP4 33,23838 3504.521 8319.069 883.0270 47363147,
1 154.4040 214665.9 0.0 1389814,0 296306, 3

2 8934.,0 7737.8 0.34609 -173.085 -0.041

3 7.762 1792.6322 ~0.0624 -0.0054 0.0626

4 0.25 413.50 32.56447 10.68 0.67

5 20.1783 73.6491 0.0000 -0.2148 0.0000

6 23,4076 70,5792 0.0000 22,1168 0.0000

7 23.5232 70.6386 101747.5 281297.0 -212550.9

8 0.00 70.00 2415.27 6716.67 ~2987.62

9  21124256,8 20909591.0 79.6966 28.7212 28,5609

10 ~-0.000 -0.000 27298972.5 298.9538 -40.1638

11 1166.871 100.154 111.910¢ 70.6808 335,8934

12 12085.5 7737.77

13 190.74 3759.71 406415 0.01 0.03
GP1 430,8459 365,831 73,91720  30.14290  9674.443 -28.867029
GP2 ~-176.23598 -831.0218 375.167  70.65045  30.31031  77.05160
GP3  0.8953156 193,566 150613.180 177.51748 0.3460871  32,56447
GP4 33,23819  3504.518  8318.849 886,8279 47360762,
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FO01

AA63 BD & RR 75 CASE 1 ID1l 100000000 iD2 0 In3 0 PAGE
#* S.II LIFTOFF

1 154.4040 214665.9 399958.9 1384339.0 296306.3

2 8934.0 77378 0.34609 -173.439 23.199

3 T.T762 1792.6322 =0,0624 -0.0054% 00626

4 0.25 413.50 32.56447 10.68 0.67

5 20.1783 73,6491 0.0000 17.0659 0.,0000

6 23,4076 T0.5792 0.0000 22.1168 0.0000

I4 23.5232 70,6386 101747.5 281297.0 -21255%0.9

8 0.00 70.00 2415.,27 6716.67 -238T .62

9 21124256.8 20909591.0 73,6966 28.7212 28,5609

10 -0.000 -0.000 27298972.5 298,9538 ~40.1638

11 1178.224 101.128 111.9104 70.6808 335.8934
12 12085.5 T737.77
13 190.74 3759.71 406,15 0.01 0.03
GP1 4 30,8459 365.831 73.91720 30.14290 9674.443 ~28.867029
GP2 -176.23598 -831.0218 375.167 70. 65045 30.31031 77.05160
GP3 0. 8953156 193,566 150413.180 177.51748 0.3460871 32.56447
GP4 33.,23819 3504.518 8318,849 886.8279 47360762,
GIMBAL STATION EQUAL ZERO, L SET EQUAL O

1 160.0000 231703.6 999981.4 1371202.9 335887T.0

2 9001.1 17974 0.34883 0.000 23.464%

3 8,243 0.0000 10.7235 -0.0019 10,7235

4 0.11 372.33 32.58237 5.43 58424

5 19,4356 73.6770 0,0000 -0.0789 0.0000

6 33,3120 70.5664 -0.0000 31.8936 ~0.0000

7 22.6417 70.7109 115358.06 319165.2 ~228982.2

8 0.00 70.00 2449,20 6817.06 -2885.95

9 21141256,.5 20909554,.0 79.5801 28.7572 28.5969

10 0,000 0.000 27282492.0 298.9351 -40.0868

11 0.000 0.000 102,.5532 T71.6740 339.2341

12 12216.2 7737.41

13 190.77 3828.69 406.16 0,01 2.05
Gr1l 435.8745 376.329 73.72249 30.19004 9791.542 ~-28.769759
GP2 -176.14079 -831.6507 379.029 70.,66188 30.35760 T7.12122
GP3 0.8926079 198.934 148460.994 177.54836 0.3488292 32.58237
GP& 33.32898 3505.881 8424,112 892.2134 48498870,
1 170.0000 260964,2 9999396, 2 1347728.7 407947.9

2 9128.8 7912.6 0.35402 0.000 23.873

3 9.292 0.0000 11.6886 0.00&7 11.6886

4 0.02 301.76 32.61364 1.40 16.36

5 18,1538 73,7303 0.0000 -0,0789 0.0000

6 32.7551 70.6870 -0.0000 31.1046 ~0,0000

7 21.1194 70.8426 140155.7 388240.4 ~256945.0

8 0.00 70.00 2510.41 6998,67 -2706.71

9 21170450.8 20909487.0 79.3677 28.8224 28,6622

10 0.000 0.000 27251242.3 299.0817 =39,9493

11 0.000 0.000 103.1215 71.6329 339,.0514

12 12452.9 7912.64

13 190.77 3945.61 406,16 0.01 6.56
GP1 444,.8854 395.420 73.36792 30.27490 10001.538 ~28.574876
GP2 -175.96817 -832.9781 386,047 7068220 30.44275 77.25073
GP3 0. 8876120 208.882 144691.,436 177.60412 0.3540203 32.61364
GP4 33.49559 3508.269 8614.894 901.8717 50574209.
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AA63 B8D 4 RR 75 CASE 1 ID1 100000000 ID2 0 1D3 0 PAGE
1 17404040 273376.0 999998, 2 1337390.7 440235.5

2 9188.2 796649 0.35643 0.000 24.057

3 9.412 0.0000 12.0995 0.0076 12.0995%

4 0.01 298,19 32.62717 0.67 8.13

5 17.6027 73.7552 0.0000 -0.0789 0.0000

6 32,5114 70,7411 -0,0000 30.7572 -0.0000

7 20,4647 70.9017 151271.7 419241,2 -268692.0

8 0.00 70.00 2537.75 7079.96 -2627.98

9 21182832.5 20909457.0 79.2725 28.8515 28,6312

10 0.000 0.000  27236743.3 299.1187 -39,.8887

11 0.000 0.000 103.3715 71.6137 338.9710

12 12558.4 7966.95

13 190.77 3994,57 406.16 0.01 8.83
GP1 448,8236 403,937  73,20951 30.31240 10094.518 -28,477339
GP2 -175.89125 -833.6659 389,150  70.69109  30.,48037  77.30943
GP3  0.8853344 213,434 143053.545 177.62936 0.3564294  32,62717
GP4 33,57094 3509.,290 8700.486 906.1709 51507192
LES AND S-IC/S-II INTERSTAGE (FWD) JETTISON

1 17444040 27337640 999998, 2 1321340,7 440235.5

2 918842 7966.9 0.35643 0.000 244350

3 9,412 0.0000 12,0995 0.0076 12.0995

4 0.01 298,19 32.62717 0.67 8,13

5 17.6027 73,7552 0.0000 -0.0789 0.0000

6 32.5114 70.7411 -0.,0000 30.7572 -0.0000

7 20. 4647 70.9017 151271.7 419241.2 -268692.0

9 21182832.5 20909457.0 7942725 28.8515 28.6912

10 0.000 0.000 27236743.3 299.1187 -39,8887

11 0.000 0.000 103.3715 71.6137 338.9710

12 12558.4 7966.95

13 190.77 3994.57 406,16 0401 8.83
GP1 448.,8236 403,937  73.20951 30.31240 10094.518 -28.477339
GP2 -175.89125 -833.6659 389,150 70.69109 30.48037 77.30943
GP3  0.8853344 213.434 143053.545 177.62936 0.3564294  32.62717
GP4 33,57094 3509.,290 8700.486 906.1709 51507192,
1 180.0000 288734.4 999999, 3 1308204.5 481762.6

2 9268.1 8040.7 0.35966 0.000 24.594

3 9.499 0.,0000 12,6059 0.0114 12.6059

4 0.00 298.19 32.64437 0.27 3,37

5 16.9172 73.7875 0.0000 -0.0789 0.0000

6 32,2030 70,8107 0.0000 30.3157 0.0000

7 19.6498 70.9777 16557242 45915641 -283120.9

8 0.00 70.00 2573.32 7185.77 -2528.94

9  21198152.5 20909418.5 79,1499 28.8888 28,7285

10 0,000 0.000 27217664.8 299.1662 -39,8116

11 0.000 0,000 103.6890 71.5882 338.8687

12 1269543 8040.69

13 190.77 4054.59 406,16 0.01 12.00
GP1 453,8648 414.995 73,00366 30.36076 10214.612 -28,342059
GP2 -175.79144 -834,6429 393,255  70.70246  30.52889  77.38645
GP3  0.8823331 219.450 140966.,809 177.66083 003596600  32.64437
GP& 33.66973  3510.573 8812.002 911.6759 52725037,
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AAG3

O W~ DWW N e

BD

190.0000
9418.8
9.169

0.00
15.7274
31.6560
18.2358
0.00
21224400.3
0.000
0,000
12943.5
190,77
462.8l164
-175.61045
0. 8767616
33.85181

200.0000
9579,.5
8.671

0.00
14.5833
31,1072
16.8776
0.00
21249223.3
0.000
0.000
13196,3
190.77
471.7057
~175.42582
0.8709108
34.04149

200.0000
9579.5
8.671

0.00
14.5833
31.1072
16.8776
0.00
21249223,3
0.000
0.000
13196.3
190,77
471.7057
-175.42582
0.8709108
34.04149

4 RR 75 CASE

1 ID1 100000000 ID2

315052.8 999999,9 128
8181.1 0-.36573
0.0000 13.4726
33130 32.674649
73.8486 0.0000 -
70.9378 0.0000 2
71.1162 191627.1 53
70.00 2637.87 7
20909348.8 78.9263 2
0.000 27181730.3 29
0.000 104.2555 7
4155.90 406.16
435,062 72.62955 30.44757
-836.6507 L00.648 70.72267
230.669 137292.6418 177.71870
3512.790 9015.366
339946,7 1000000.0 126
8332.6 0.37219
0.0000 14.2818
384.26 372.70385
73,9142 0.0000 -
71.0684 ~0.0000 2
71.2582 218334,.0 60
70.00 2703.74 7
20909277.8 78.6969 2
0.000 27143412.0 29
0.000 104,8274 7
4249.81 406,16
455,541 72.24701 30.53489
-838.9991 408.130 70.74279
242,522 133686.,547 177.77873
3514,908 9224.109
339946.7 1000000.0 126
8332.6 0.37219
0.0000 14.2818
384,26 32.70385
73.9142 0.0000 -
71.0684 -0.0000 2
71.2582 218334,.0 60
0.00 2703.74 7
20909277.8 78.6969 2
0.000 27143412.0 29
0.000 104.8274 7
4249,81 406,16
455,541 72.24701 30.53489
-838.9991 408,130 70.74279
262,522 133686.547 177.771873

3514.,908

9224.109

0 ID3

4730.3
0.000
6.0183
0,05
0.0789
9.5267
1972.6 -
378.28
8.9563
9.2528
1.5397

0.01

10430.846
30.61598

0.3657337
921.6412

1256.2
0.000
0.0254
0.01
0.0823
8.7309
6736.7 -
575.31
9.0250
9.3416
1.4869

0.01
10649.448
30.70359
0.3721904
931. 7846

1256.2
0.000
0.0254
0.01
0.0823
8.7309
6736.7 -
575.31
9.0250
9.3416
1.4869

0.01

10649.448
30.70359

03721904
931.7846

0 PAGE

5567402.3
25,043
13.4726
071
0.0000
0.0000
307527.2
-2352,40
28,7960
-39.6737
338.6860
818l.14
18.41
~28,074657
77.52862
32.67449
54954190,

634924.5
25.510
14.2818
0.19
0.0000
-0.0000
330170.6
-2176.34
28,8647
"39.5354
338.5008
8332.59
25.80
~27. 776671
77.67682
32.70385
572552%4.

634924,5
25.510
14.2818
0+19
0.0000
-0.0000
330170.6
—2176‘3"’
28.8647
~39,.5354
338,5008
8332.59
25,80
=2T.776671
77.67682
32.70385
57255294,
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AA63 BD 4 RR
1 T IME

2 v S8 1

3 MACH NO.
4 PRE SSURE
5 GAMMA{11)PR
6 THETA SB L=
7 GAMMA SB 1
8 V S8 H

9 R s8 C
10 NSB Y /WM
11 M SBY
12 TOT IMP VEL
13 VEL LOSS CF

GP1l ¥ S8 F

GP2 BETA(F)

MAXIMUM HEATING TRAJECTORY SIMULATION

TABLE V
SATURKN

GP3 ECCENTRICITY RIPER)

GP4 PERIOD

PRINT OUT KEY
75 CASE 2 [D1 100000000 ID2 0 ID3 0 PAGE
ALTITUDE FSBT WEIGHT RANGE
V S8 € vVIi/vs X SB C6 A SB XB
CHORD FORCE ALPHA SB P ALPHA SB Y ALPHA
TEMPERATURE INCLINATION Q ALPHA = Q
GAMMA(21)}PR, P SB M Q SB M R S8 M
PSI SB L+« PSI SB M THETA SB M PHI SB M
GAMMA SB 2 X SB EE Y SB EE L SB EE
E S8 W D-X SB EE D-Y SB EE D-Z SB EE
RSB L MU RHO RHO PRIME
NSBZ /W D= SB 1 A# SB 1 Ex SB 1
M SB Z TAU SB T1 TAU SB R1 TAU S8 Pl
» V S8 WE
VEL LOSS 6 VEL LOSS VTA VEL LOSS NF VEL LOSS AA
S SB F MU SB F RHO PRI.(F) VIF) GAMMA SB 1F
TAU SB F S{BAR=) A= SB F RHO SB F GAMMA S8 2F
V{PER) BETA DELTA INCLINATION
R{AP) V{AP) V{INF) TAU E/M

38



*

AA63 BD 4 RR 75 CASE 2 ID1 100000000 ID2

8-1C LIFTOFF

0.0000
1342.7
0.016
2152.78
0.0043
89,8373
90,0000
18.55
20910014.5
-0.000
76766.389
0,0
0,00

10. 0000
1345,0
0.078
2122.65
3.6786
89.8332
89.6682
20.04
20910430.0
-0.000
244253.883
470.7

0.18

20,0000
1359,9
0.174
2025.54
8.1921
88,1834
88.9744
20911811.3
-0.000
583326.141
965,2

i.58

30,0000
1404.7
0,297
1855.82
13,4845
85,1383
85,7066
34,20
20914393.3
<0.,000

1186921.500

1485.9
3.46

1424

0.1
439,2751
533,59
90,0000
359,9999
180.0000
70.00
20909872.0
0.000

0.00

558,1
86.3
9876.7019
532,40
89.9945
34T.1405
256,9661
T0.00
20909872,0
0,001
~614.837

321.26

1939.4
193.8
38220.,1797
528.43
89.9164
64,4711
65.8445
70,00
20909872.0
0.004
-4851.903

642.48

£520.6
328.5
28050.7573
521.03
89.5868
67.8390
68.7026
70.00
20909871.8
0.008
=15406.632

963,28

T436223.1
0.05175
89,6911

28.,28609
0.0000
0.0000

0.0

0.00
80,5653
27364037.8
49,1622

0.00

7452412.0
0.05184
12,7925

28.28609
0.,0000
0.0000

'0’4

“0' 11
80.5653
27364310.8
49,1249

50.23

7504595,.6
0.05241
625949
28428622
0.,0000
-0.0000
1.9

1.42
80.5653
27365212.5
50. 7504

113.75

7595795.7
0.05414
5.3711
28.28902
0.0000
0.0000
47.%

8.93
80,5649
27366818.0
53,5453

17677

TRAJECTORY

6015606.0
-97.377
-0.0002

O.%1
0.0000
90.0000
0.0

0.00
28,4470
298.6129
65.6362

0.00

5733501, 4
-98,061
-0.0322

9.12
0.0000
90,0000
-1.8
-0.49
28,4470
298.6129
65,6537

0.10

5451396.9
-98,323
"0005‘09

42.98
88.1780
0.5

3.17
28.4470
298.6129
66,2953

0.21

5169292.4
-98,705%
-0.0697

115.33
85.0929
i13.8
22.91
28,4471
298.6131
67,2590

040

MAXIMUM HEATING TRAJECTORY

0 ID3

0 PAGE

U.4
39,770
89.6911
3640
0.0000
0.0000
-14%. 0
=010
28.2861
~40.8750
359.7881
18.55
0.00

2s1
41.764
12.7926
116.73
0.0000
0.0000
-558.3
-86.30
28.2861
-40.,8743
359.7917
88.48
82.69

Ta4
44,066
6.5951
283,47
0.0000

-0.0000
-193,.78
28.2861
-40.8722
358.8262
195.85
87,95

128.6
4T7.102
5.3716
619.48
0.0000
0.0000

~£521.6
"327.57
28,2863
~40-8679
3%7.2898
332,80
90.48

2



AAG3

DO NS N e

O @O D W N e

Pt Pt et et
WN O

ol -B0 Ve RV, B RV S N

O ONCUNDWN -

e A
W RS e O

BD 4 RR 75 CASE 2 ID1
40,0000 8588.0
1502.7 4977
0:.459 54580, 0664
1594.13 509.35
19,0621 88,7774
79.9560 68.9436
80,5111 69,3554
48,74 70,00
20918460.0 20909871.3
-0.000 0.017
1780085.8113 -27680,836
2035.9
6.02 1282.00
50.0000 14%432.9
1672.5 709.2
0.674 148766.7637
1275.66 490.27
24,0630 87,3925
73,1517 69.3962
74.1170 69,6294
69. 64 70,00
20924303.5 20909870.0
‘0-001 °Q030
1508125.250 «26760.449
2618.6
11.88 1595.03
60,0000 22277.7
1919.6 963,9
0.955 433787.7500
933,55 462.02
275233 85.5355
65.7308 69.6243
67,0220 69,7854
97.68 70.00
20932144.8 20909867.3
~-0.001 0.046
221532.750 -4193,520
3238,.2
31.82 1897.32
70,0000 32179.9
223845 1264.4
1.327 626502.6250
619.59 421.72
29.2164% 83,4912
58,3157 69.TH64
59,8423 69,8899
133,08 70,00
20942042.0 20909862.5
-0.001 0,052
1305981.,000 =-25961.055
3899.5
Tha b9

2183.71

100000000 1D2

T7736418.8
0.05793
49315
28.31099
0.0000
-0,0000
223.8
28.93
80,5635
27369139.0
58,3408

236,06

7907552.1
0.06448
4.3450
28.39812
0.0000
0.0000
688.2
67.59
80,5596
21372052,.0
64,6965

288,23

8091388.0
0.07402
3.8924
28.61211
0.0000
0.0000
1656.0
130.13
80.5515
27375265.5
71.6809

330,80

8260094.7
0.08634
3.4687
28.,97412
0.0000
0.0000
3376.8
218,72
80.5369
27378313.8
78,6956

362,70

0 1D3

4887187.9
“99.250
“900767

236.10
‘0¢6688
79,8730

576.9
76.79
28,4476
298.6137
68,6045

0.74

4605083.4
~100,148
-0.0771
406.83
‘0‘7464
73.0298
1820.5
182.01
28,4489
298.6153
69,9396

133

4322978.8
'101-221
-0.,0737
597,89
-0. 7464
65.5663
4439. 4%
353.29
28.4515
298.6186
T0.9609

2.19

4040874.3
-102.616
-0,0690
766.85
-0.7T464
58,1027
9125.0
596.91
28.4563
298.6245
71.6160

3,25

0 PAGE

627.7
50.572
429321
1164.47
0.0000
-0.0000
-8588.9
‘490;87
28.2868
-40.8609
354.9283
507,99

92.36

19595
54.208
4,3657
1767.96
0.0000
0.0000
-14433.9
”682011
28,2881
~40.,8500
352.1810
731,34
94,07

4755.3
56,992
3.8931
2327.67
0.0000
0.0000
~22277.5
-887.35
28.2908
~40.8341
349.5024
1006.08
95.54

9746.5
60. 780
33,4694
2660.48
0.0000
0.0000
-1092.95
28,2956
-40.8122
347.0408
1336.21
96.85

40
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4A63

VRN WMPWN=

10
11
12
13

BD 4 RR 75 CASE

T76.9604
2509-.9
1.647
426,99
29,5740
53.4558
54.9497
135,33
20950153.0
-0.001
3431089.125
4383,2
109.13

40295.3
1514.2
588167, 6094
3190.44%
82.0578
69.8406
69.9490
70.00
20909857.5
0.038
-85012.180

2369.70

2 ID1 100000000 1ID2

8363590.0
0.09683
2.5419
29.30489
0.0000
=0.0000
5168.0
298,75
80.5217
27380040.5
83,3052

378.41

REMARKABLE TIME IS SPECIAL PRINT TIME

DERIV Q PRESSURE

EQUALS

* MAXIMUM DYNAMIC PRESSURE

T76.9604
2509.9
l1.647
426.99
295740
53.4558
54,9497
135,33
2095015340
"0.001
3431089.125
4383,2
109,13

80,0000
2643,2
1.804
354,50
29,5603
51.3872
52.8707
135,33
20954017.5
-0.001
3539708.12%
4604,2
123,74

40295.3
151442
588167, 6094
390.44
82.0578
69.8406
69.9490
70.00
20909857,.5
0.038
-85012.180

2369.70

64162.7
1636.7
547185.9141
379.23
81.4453
69.8700
69.9727
70.00
20909854.8
0.032
-98662.797

2648.29

+16523182-01

8363590.0
0.09683
2.5419
29,30489
0.0000
“Qa 0000
5168.0
298.75
80.5217
27380040.5
83,3052

378.41

8402545.1
0.10198
2.1641
29.,46513
0.0000
"00 0000
6136.6
339,13
80.5135
27380630,3
85.2692

383.80

0 ID3

3844518.3
-103,.820
=0,0630
814,12
"0‘6866
53,2044
14020.8
817.62
28.4612
298,6305
718744

3.78

3844518,.3
-103.820
-0.0630
8l4.12
-0.6866
53,2044
14020.8
817.62
28.4612
298.6305
T1.8744

3.78

3758769.8
~104,407
810.14
-0.6270
51.117%
1667351
929,11
28.4638
298.6338
T1l.9461

3.92

0 PAGE

14953.6
65.070
205627

2070.07
0.0000

-0.0000

-40290.9
-1239.00
28,3005
-40.,7929
345.4999
1595.79
97 .49

14953.6
65.070
25427

2070.07
0.0000

-0.0000

~40290.9
-1239.00
28.3005
-40,.7929
345.,4999
1595.79
97.49

17772.2
67.239
2.1649

1753,.90
0.0000

-0.0000

-44155.8
-1304.09
28.3032
-40,7833
344.8548
1721.81
97.68

41
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AAG3

OO N SN e

s ot et it
W IN e OO 0~ OB ) N e

Pt et gt pu
WNFFO OO NOAPTOIN -

OO D WN

P ot s et
W N e O

BD 4 RR 75 CASE

90,0000
3149.3
2.298
179.58
28,9070
45.3188
46,3745
78.63
20968146.0
”0.001
813935.406
5368.8
164.47

100.0000
3762.8
2.803
84.48
27.6364
40,0687
40,6616
45,11
20984480.3
-0.000
83642.219
6198.2
191.13

110.0000
4484.5
3.440
35.30
26.1342
35.,608¢%
35,9166
45,11
21003077.5
-0.000

79294 .,078°

7104.3
206.79

120.0000
5322.4
4.141
13.41
24,5830
31.8598
32.0102
T8e 46
21024015.3
-0.000
75365%.645
B102.7
214,79

58302.7
2105.0
363632.6133
367.62
79.5520
69,9549
70.0438
70,00
20909843,.3
0.006
=77123.416

2691.54

T4653,3
2681.7
205056.8184
390.76
77.9318
70.0336
70.1106
70.00
20909826.8
0.001
-41336.645

2910.94

93273.6
3371.8
101546.1250
408,55
T6.6237
T0.1125
70.1805
70.00
20909804.0
0.001
-14803.285

3108.03

114240,6
4183.4
46248.9570
438.32
75.5903
701960
70.2581
70.00
20909774.5
0.002
-5403,.729

3285441

2 ID1 100000000 ID2

8496537.8
0.12155
0.5090
30.03041
0.0000
0.0000
10285.6
497,42
80.4782
27381554.0
91.0347

396.16

B547642.8
0.14528
0.0817
30.59703
0,0000
-0.,0000
16218,.3
695,60
80.4276
27380318.5
96,0253

402.69

8574068.1
0.17322
0.1910
31.11140
0.0000
0.0000
24326.5
932.58
80.3584
27376164,0
100.2659

405,91

8585831.4
0.20569
0.4643
31.55700
0. 0000
-0.,0000
35005.5
1210.22
80.2672
27368332.8
103.8313

407.2

0 ID3

34T76665.3
=106.,665
~0.0482
666.26
‘005599
44,9813
28058,7
1366.79
28,4752
298.6478
72.0303

4,09

3194560.8
-109. 766
-0.0404
466,21
-0, “931
39,6492
44381.0
1915.79
28,4914
298.6677
71.9524

4,09

2912456.2
-114.010
-0.0357
293.43
-0.4312
35.08934
66735,.9
2573.60
28.5134
298.6950
7T1.7739

4.09

2630351.7
-119.225
-0.0333
161.54
~0.3270
31.2208
96235.2
3345.98
2849424
298.,7308
71,5397

4,10

0 PAGE

2985840
756 264
0.5113
340,65
0.0000
0,0000

-58282.3
-1521.66
28,3146
—40, 7458
342.9808
2159.99
97.91

4T7155.5
84,022
0.0911
42,48
0.,0000
-74601.1
-1742.77
28,3309
-40.6984
341.3594
2716.05
97.92

70805.7
93.596
0.1943

57.02
0.0000
0.0000

-93154.2
-1968.66

28.3%30
-40.639¢4
339.,9623

3408.40

97.92

101957, 4
104. 455
0.4655
75,20
0.0000
-0.0000
-113992.5
-2200.23
28.3820
’400 56?2
338.7615
4250,18
97 .94

42
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AA6G3 BD & RR 75 CASE

1 130.0000 137673,2
2 6290.3 5130.0
3 4,885 22285.5867
4 5. 43 479,29
5 23,0996 T4.7824
6 28.8558 70.2868
7 28,8089 70.3468
8 127.86 70.00
9 21047409,0 20909736.5
10 -0.000 0.002
11 38454.258 -1562.859
12 9214.5
13 219,02 3445.80
1 140.0000 163778.0
2 7413.0 6235.7
3 5.789 10741.9510
4 2.14 508.70
5 21,7702 T4.1536
6 26.3696 70.3888
7 2642155 70,4488
8 182.90 70.00
9 21073467.0 20909689.3
10 -0.,000 0.001
11 4885.426 ~154.582
12 10468.9
13 221,31 3591.86
1 148.3153 187762.3
2 8492.3 7303.3
3 7,087 5999.3107
4 0.92 468,12
5 20.7850 73.7392
) 24,5463 70. 4851
7 24,4238 70.5458
8 233,47 70.00
9 21097403.8 20909642.0
10 -0,000 0,001
11 -12748.,309 389.050
12 1164%.9
13 222.41 3704.09
CENTER ENGINE SHUTDOWN

1 148.3153 187762.3
2 8492.3 7303.3
3 71.087 5999,3107
4 0.92 468,12
5 20.7850 73,7392
6 24,5463 70.4851
7 24.4238 70.5458
8 233,47 70.00
9 21097403.8 20909642.0
10 ~0.000 0.001
11 -12748,309 389.050
12 11649.9

13 222.41 3704.09

2 ID1 100000000 1D2

8590118.9
0.24323
0.T742
31.93465
0.0000
0.0000
48678,0
1532.16
80,1503
27356031.8
106.6922

40790

8591888.4
0.28682
0.9309
32.25314
0.0000
0.0000
65818.6
1905.35
80.0037
27338421.5
109.0662

408.18

8592540.4
0.32877
0.9117
32.48088
0.0000
-0.0000
83118,0
2263.60
79.8556
27319054.3
110.8131

408,28

6874030.4
0.32877
0.9117
32.48088
0.0000
-0.0000
83118.0
2263.60
79.8556
27319054.3
110.8131

408.28

0 103

2348247.2
-125.867
-0.0315
91.02
'002658
28.0729
134071-9
4243.63
28.5794
298.7766
71.2924

4410

2066142.7
~134.720
-0.0295
50.30
~0.2658
25.4150
181588,.9
5286.41
28,6254
298.8339
71.0429

4.11

1831564.3
-144.685
32.58
~0.2148
23.4248
229621.4
6289.30
28.6717
298.,8917
70.8303

4.11

1831564.3
~144.,685
-0.0278
32.58
~0.2148
23.4248
229621+ 4%
6289.30
28,6717
298.8917
70.8303

4,11

G PAGE

141834.8
117. 3590
0.7749
70,52
0,0000
0,0000
-2441.63
28.4190
-40,4802
337.7738
5242 .45
98,00

191806.6
133.626
0.9314
46.85
0.0000
0.0000
-162894,.4
28,4651
336.,9332
6400.32
98.16

242212.2
150,835
0.9121
29,172
0.0000
-0,0000
-186351.0
-2942.70
28.5114
~-40,2746
336,2999
7516.52
98.30

242212.2
120, 647
0.9121
29.72
0.0000
=0.0000
~186351.0
-2942.70
28.5114
~40.2746
336.2999
71516.52
98&30

43
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AA63 BD 4 RR 75 CASE 2 ID! 100000000 ID2 0 ID3

1 150.0000 192880.8 6874098.4 1793543.4

2 8678B,1 7148649 0.33600 -146.961

3 7.400 5336.7370 0,9193 -0.0277

4 0.77 451.84 32.51499 29.43

5 20.5785 T3.6840 0.0000 -0.2148

6 24,2210 70.5059 0.0000 23.0629

7 24,0961 T70.5669 86984.0 2403646

8 244,26 70.00 2326.26 6465.22

9 21102511.5 20909631.3 79.8225 28.6820

10 -0.000 0.001 27314562.3 298.9046

11 -14472.855 436,032 111.1258 70,7895

12 11855.5 '

13 222.58 3725.93 408,29 4a12
Grl 417.6250 337.656 T4.43850 30.01407 3365.224
GP2 -~176.49689 -830.6918 352.201 70.62600 30.18104
GP3 0.9018148 180.701 156149.508 177.63898 0.3360044
GP4 33,00563 3500.,113 B061.550 882.0209
1 152.3153 200017.5 6874174.3 1741290.8

2 8941.2 T746.9 0.34625 ~150.342

3 1.857 4490.6017 0.8961 -0.0270

4 0.59 429.16 32.56074 25453

5 20,3024 7346116 0.0000 -0.2148

6 23,7755 70.5352 -0,0000 22,5655

7T 23.6606 T0.5965 92472.0 255620.0

8 252.63 70.00 2414.85 6714.02

9 21109633,.8 20909616.3 79,7755 28.6966

10 -0.000 0.001 27308098.3 298.9229

11 ~15779.379 475,185 111.5545 70.7320

12 12145,.3

13 222.79 3755.48 408,31 4,12
GP1 426.5221 358,943 74404471 30.11143 9633,197
GP2 ~176.29965 -832.9013 372,228 T0.64651 30.,278173
GP3 0. 8953969 193,293 150722.662 177,50276 0.3462467
GP4 33.20661 3502.448 8318.076 885.2888

* OUTBOARD ENGINE SHUTDOWN AND S-IC/S-II STAGING

1 152.3153 200017.5 0.0 1389814.0

2 8941.2 7746.9 0.34625 -173.085

3 7.857 4490.6017 0.8961 -0.0270

4 0.59 429.16 32.56074 25.53

5 20,3024 73.6116 0.0000 -0.2148

6 23.7755 705352 -0.0000 22,5655

7 23,6606 70.5965 92472.0 255620.,0

8 252.63 70.00 2414.85 6714.02

9 21109633.8 20909616.3 79,7755 28.6966

10 -0.000 0.001 27308098.3 298.9229

11 -42127.838 1268,652 111.5545 10,7320

12 12145.3

13 222.79 3755.48 408,31 4,12
GP1 426,5221 358,943 76.04471 30.11143 9633,197
GP2 ~-176.29965 -832.9013 372.228 7064651 30.27873
GP3 0. 8953969 193.293 150722.662 177.50276 0.3462467
GP& 33.20661 3502.448 8318.076 885.2888

001 GIMBAL STATION EQUAL ZERO,

SEY EQUAL O

0 PAGE

253472.3

123,217
0.9197
27.07
0.0000
0.0000

~191334.6
-2973,73

28,5217

~40.2524
336.1851

7T710.51

98.33
~28,887595
76.86576
32.51499
44421428,

269453,3

126.932
0.8965
22.89
0.0000
-0.,0000

-198270.0
-3017.42

28.5363

-40.2209
336.,0270

7978.92

98.37
~-28,491292
76.98272
32.56074
463963633,

269453.3

0.8965
22.89
0.,0000
"000000

~198270.0
~-3017.42

28,5363

-40.2209
336.0270

7978.92

98.37
~28,491292
7698272
32.56074
46963633,

44
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AA63 BD 4 RR 75 CASE 2 ID1 100000000 iD2 C 103 0 PAGE
1 156.1153 211627.4 0.0 1389814.0 296154.,0

2 8899.9 7699,.3 0.34474 0.000 0. 000

3 8.034 0.0000 113156 -0.0268 113157

4 0.34 405,64 32.56020 15,31 173,22

5 19.6651 73,6579 0,0000 ~0.0789 0.0Q00

6 33.4961 T0.5032 -0,0000 32.2001 -0.,0000

7 22,9452 106457 101643.8 281128.2 -209514%,9

8 252.63 70.00 2412.43 6T11.44 -2901.02

9 21121218.8 20909591,.3 79.6970 28,7210 28.5607

10 0.000 0.000 27297078.5 298.9535 ~40.1688

11 0.000 0.000 102.3627 71.6890 339.2959

12 12145.3 7932.53

13 223,02 3802.83 408,31 4,13 98,37
GP1 42645177 358.924 74.04503 30.11123 9632.,908 —-28.492091
GP2 -176.,29983 -832.8965 367.016 70.64758 30.27853 7698371
GP3  0.8954047 193.278 150728.936 177.58935 0.3447414  32.56020
GP& 33,20639 3502.447 8317.767 889.0847 46960864,

¥ S-I1I LIFTOFF

1 156.1153 211627.4 999945.,0 1384339.0 296154.0

2 8899.9 7699,3 0.34474 0.000 23,240

4 0.34 405.64% 32.56020 15431 173,22

5 19,6651 73.6579 0.0000 -0.0789 0.0000

6 33.4961 70.5032 ~0.0000 32,2001 -0.0000

7 22,9452 70,6457 101643.8 281128.2 -209514,9

8 252.63 70,00 2412.43 671144 -2901.02

9 21121218.8 2090959143 79,6970 28,7210 28.5607

10 0.000 0.000 27297078.5 298.9535 ~40,1688

11 0.000 0,000 102,.3627 71.6890 339,2959

12 12145.3 7932.53

13 223,02 3802.83 408,31 4.13 98,37
GP1 426.5177 358.924 74404503 30.11123 9632.908 -28.492091
GP2 -176.29983 -832.8965 367.016 70.64758 30,27853 76.,98371
GP3 0. 8954047 193,278 150728.936 177.58935 0.3447414 32.56020
GP& 33,20639 3502.447 B317.767 889.,0847 46960864,
1 160.0000 223171.9 999968, 3 1375220.0 323558.8

2 8946.9 7741.2 0.34666 0.000 23,395

3 8.321 0.0000 11.6854 -0.0258 11.6854

4 0.19 382.25 32.57265 9.45% 110.38

5 19.1523 13. 6771 0.,0000 -0,0789 0.0Q00

6 33,2782 70. 5490 ~0.0000 31.8936 -0.0000

7 22.3357 706957 111060.8 307334.6 -220648.4

8 252.63 70.00 2435.85 6780.77 -2830.95

9 21132737.0 20909565.8 T79.6163 28,7459 28.5856

10 0.000 0.000 27285506.8 298,9849 -40.,1159

11 0.000 0.000 102.5842 71.6739 339.2249

12 1223%.9 7975.45

13 223.02 3849.89 408,31 4,13 100419
GP1 430,0077 366.117 T3.91172 30,14372 9713.945 -28.429531
GP2 ~176.23475%5 -833,3186 369.615 7065543 30.31113 77.03095
GP3 0. 8935401 196,969 149236.354 177.61116 0.3466571 3257265
GP4 33,26869 3503.376 B390.466 892.7951 &7743659,

45
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AA63 BD 4 RR 75 CASE 2 ID1 100000000 D2 0 1D3 0 PAGE
1 170,0000 251830.5 999991.5 1351745.8 395291.9

2 9075.0 7857.0 0.35186 0.000 23.802

3 9.177 0.0000 12,6078 -0.0231 12.6079

4 0,05 323,72 32,60416 3,08 38.90

5 17.8611 73.7294 0.0000 -0.0789 0.0000

6 32,7204 70,6690 -0.0000 31,1046 ~0,0000

7 20,8006 70.8270 135723.8 376045.3 ~248057.7

8 252.63 70.00 2496.95 6962 .04 ~2651.02

9  21161328.3 20909498.8 79.4050 28.8109 28.6506

10 0.000 0,000 27254112.5 299.0670 -39,9798

11 0.000 0.000 103.1540 71.6325 339,0419

12 12471.8 8093.66

13 223.02 3965, 32 408,31 4.13 105.48
GP1 438,9179 384.857  73.56403  30.22761  9923.481 -28.240646
GP2 -176.,06545 -834.6295 376.314  70.67545  30,39530 77.15600
GP3  0.8885768 206,831 145444.123 177.66889 0.3518593  32,60416
GP4 33.43312 3505.698 8580.982 902.4400 49798169,
1 176.1153 268612.5 999996.5 13373907 440018.5

2 9158.4 7933.4 0.35523 0.000 244057

3 9.653 0.0000 13.1502 -0.0213 13.1503

4 0.02 298.20 32.62305 1.41 18.51

5 17.0926 73.7635 0.0000 ~0.0789 0.0000

6 32.3817 70. 7440 0.0000 30.6221 0.0000

7 19.8867 70.9089 151109.2 418964.6 -263933.9

8 252.63 70.00 2534.91 7074 .94 -2541.29

9  21178069.0 20909457.3 79.2730 28.8512 28.6909

10 0.000 0.000 27233766.0 299.1182 -39.8965

11 0.000 0.000 103.5020 71.6054 338.9300

12 12618.2 8171.38

13 223.02 4031.94 408,31 4413 109.16
GP1 4 44,3164 396.478  73.34810 30.27910 10052.384 -28.106587
GP2 -175.96062 =-835.5930 380,421  70.68761  30.44695  77.23494
GP3  0.8854217 213.127 143160.061 177.70534 0,3552314  32.62305
GP4 33,53672 3507.067 8699.927 908.4089 51083891,

% LES AND S-IC/S-II INTERSTAGE (FWD) JETTISON

T T76.1153 268612.5 399996.5 1321340.7 440018.5

2 9158.4 7933.4 0.35523 0.000 24.349

3 9.653 0.0000 13.1502 -0.0213 13.1503

4 0.02 298.20 32.62305 1.41 18.51

5 17.0926 73.7635 0.0000 -0.0789 0.0000

6 32.3817 70.7440 0.0000 30.6221 0.0000

7 19.8867 70.9089 151109.2 41896446 -263933.9

8 252.63 70.00 2534.91 7074.94 -2541.29

9  21178069.0 20909457.3 79.2730 28.8512 28.6909

10 0,000 0.000 27233766.0 299.1182 -39.8965

11 0,000 0.000 103.5020 71.6054 338,9300

12 12618.2 8171.38

13 223,02 4031.94 408.31 4.13 109.16
GP1 444,31 64 396,478  73.34810 30.27910 10052.384 -28.106587
GP2 -175.96062 -835.5930 380,421  70.68761  30.44695  77.23494
GP3  0.8854217 213,127 143160.061 177.70534 0.3552314  32.62305
GP4 33.53672  3507.067 8699.927 908.4089 51083891,
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AAS3

O owd O8NP 0N

et
OO D~ NP WA

bbb et
[SY I S

GP1
GP2
GP3
GP4

BD 4 RR 75 CASE

180.0000
9214 .4
9.715

0.01
16,6149
32.1674
19.3182
252.63
21188415.0
0.000
0.000
12713.1
223,02
447.7703
~-175.89266
0. 8833435
33.606461

190.0000
9365.5
9.721

0.00
15,4169
31.6195
17.8933
252.63
21214034,.8
0.000
0.000
12960.5
223,02
456.56031
-175.71552
0.8778089
33.78425

200,0000
9526.7
9.150

0. 00
14,2653
31.0698
16,5251
252,63
2123821845
0.000
0.000
13212.4
223.02
465.3672
-175.53499

0.8719971 -

33.97137

2 1Dl 100000000 1ID2 0 ID3 0 PAGE
278984.9 999998,0 1312221.7 46877852
7985.2 0.35749 0.000 24,519
0.0000 13,4840 -0.0201 13.4840
298.20 32.63506 0.82 11.01
T3.7857 0.0000 -0.0789 0.0000
70.7923 0.0000 30.3157 0.0000
70.9615 161004.4 446591,1 -2713672.0
70,00 2559,59 7148,.39 ~24T72.28
20909430,8 79.1882 28.8770 28,7167
0.000 27220384.8 299.1512 -39.8436
0.000 103.7230 71.5874 338,8589
8223.98
4072.73 408.31 413 111.71
404,019 73.,20785 30.31229 10135.617 —-28.013460
-836.2771 383.136 T0.69536 30,48026 17.28674
217.285 141705.346 177.72809 0.3574910 32.63506
3507.,927 B777.397 912.2290 51922914%.
304674.4 999999,5 1288747.5 544088.7
8126.2 0.36357 0.000 24,965
0.0000 14.31Q00 -0.0170 14,3100
308.28 32.66541 0.19 2,75
73,8458 0.0000 -0.0789 0.0000
70.9188 0.0000 29.5267 0.0000
71.0996 186921.3 519031.9 -297508.0
70.00 2624.,01 7340.52 -2295.00
20909361.3 78.9656 28.9443 28,7839
0.000 27184294,.8 299.2374 -39,7071
0.000 104,2910 71.5386 338.6758
8366.96
4172.39 408,31 4.13 118.96
423,685 72.84160 30.39804 10351.314 -27.750482
-838.2728 390.157 70.71524 30.56628 77.42388
228.404 138N0%.857 177.78830 0.3635749 32.66541
3510.072 8980.453 922.1791 54129444,
328929.3 999999.9 1265273.3 621282.9
8278.3 0.37004 0,000 25.429
0. 0000 15.0798 -0.0136 15.0798
360.83 32.69499 0,03 0.38
73.9104 0,0000 -0.0823 0.0000
71.0488 -0.,0000 28,7309 -0.0000
T1l.2411 213488.9 593416.5 -319573,.5
70.00 2689.74 7537.15 -2118,17
20909290.5 78.7372 29.0128 28,8524
0.000 27145815.3 299.3257 -39.5704
0.000 104.8644%4 T1.4854 338.4903
8520,.73
4264,.59 408.31 4,13 127.21
443,741 72.46738 30.48427 10569.348 ~27.456310
~-840.6101 397.245 70.73500 30.65280 77.56681
240.151 134383.879 177.85081 0.3700414 32.69499
3512118 2188.866 932.3051 56407203,
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7 SATURN V
ATMOSPHERIC DENSITY AS A FUNCTION OF GEOMETRIC ALTITUDE
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ATMOSPHERIC DENSITY, o (10-3 LB/FT3)
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ATMOSPHERIC DENSITY, o (10-6 LB/FT?)

SATURN V
ATMOSPHERIC DENSITY AS A FUNCTION OF GEOMETRIC ALTITUDE
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ATMOSPHERIC DENSITY, o (10~ LB/FT3)
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ATMOSPHERIC PRESSURE, Pa (LB/FT?

SATURN V

ATMOSPHERIC PRESSURE AS A FUNCTION OF GEOMETRIC ALTITUDE
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ATMOSPHERIC PRESSURE, Pa (LB/FT?
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ATMOSPHERIC PRESSURE, P4 (LB/FT?)

SATURN V

ATMOSPHERIC PRESSURE AS A FUNCTION OF GEOMETRIC ALTITUDE
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SATURN V
COMPARISON OF PARAMETER TEMPERATURE CONTRIBUTIONS
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